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SYSTEM AND METHOD FOR EXTENDING
BATTERY LIFE

FIELD

Embodiments of the invention relate to the field of com-
munications, and in particular, to a system and method for
battery power conservation by conversion of multicast trans-
missions over shared wireless media mto unicast transmis-

sions and alteration of the Delivery Traflic Indicator Map
(DTIM) Interval value.

GENERAL BACKGROUND

Multicast and broadcast transmissions currently are treated
the same 1n many wireless networks. To date, similar treat-
ment of these transmission types has not posed any substan-
tial problems since wireless 1s a broadcast medium by defi-
nition and anyone on the same frequency with the appropriate
receiver can receive the signal, irrespective of the destination.
However, similar treatment of these transmission types 1s
spectrally inefficient and, 1n some cases, these non-unicast
transmissions may have a detrimental effect on power usage
by a wireless device.

As an example, an access point or base station (both gen-
crally referred to as “AP”’) has to make sure that a multicast
transmission 1s sent at a modulation and coding rate that 1s
acceptable to all wireless devices that are currently 1n com-
munication with it. Therefore, for multicast transmissions,
low (more robust and less efficient) transmission rates are
commonly selected to accommodate each and every wireless
device, even when a majority of the wireless devices can
support significantly higher (less robust and more efficient)
transmission rates.

Another disadvantage in supporting multicast transmis-
sions for some wireless device 1s that, according to current
IEEE 802.11 standards, there 1s no power-saving function to
convert non-unicast (broadcast or multicast) transmissions to
unicast transmissions while automatically adjusting the
Delivery Traific Indicator Map (DTIM). As a result, wireless
devices may berequired to “wake up” more often than needed
to check for multicast or broadcast transmissions, which
unnecessarily drains the battery of certain hand-held devices
such as Voice-over-1P (VoIP) phones.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention may best be understood by referring to the
following description and accompanying drawings that are
used to 1llustrate embodiments of the invention.

FIG. 1 1s an exemplary embodiment of a wireless network
support a power conservation mechanism.

FIG. 2 1s an exemplary embodiment of a multicast trans-
mitting device, namely an access point (AP).

FIG. 3A 15 a first exemplary embodiment of a table-based
architecture for a power conservation mechanism imple-
mented with the transmitting device.

FIG. 3B i1s a second exemplary embodiment of a table-
based architecture for a power conservation mechanism
implemented with the transmitting device.

FIG. 4 1s an exemplary tlowchart of the operations per-
formed by a transmitting device.

FIG. 5 15 a second embodiment of the power conservation
mechanism.

FIG. 6 1s a third embodiment of the power conservation
mechanism.
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FIG. 7 1s an exemplary embodiment of a vendor specific
extension element of a Beacon or Probe Response message.
FIG. 8 1s an exemplary flowchart of the operations per-

formed by a transmitting device utilizing the association table
of FIG. 6.

DETAILED DESCRIPTION

Embodiments of the invention relate to a system and
method for battery power conservation by converting multi-
cast transmissions over shared wireless media 1nto unicast
transmissions. Such conversion may be confined to a particu-
lar type of device 1n order to reduce power consumption (e.g.,
battery-powered devices, networked telephones, etc.). In
order to achieve battery power conservation, the Delivery
Traffic Indicator Map (DTIM) Interval value, namely a rep-
resentation of the time period between successive checks by
a wireless device for buflfered non-unicast data on the AP, 1s
increased. In certain situations, the DTIM Interval value 1s
increased so that this time period 1s longer than the time
period for the Listening Interval. The “Listening Interval” 1s
a representation of the time period between successive checks
by wireless device for unicast messages.

Certain details are set forth below in order to provide a
thorough understanding of various embodiments of the
invention, albeit the invention may be practiced through many
embodiments other than those illustrated. Well-known logic
and operations are not set forth 1n detail in order to avoid
unnecessarily obscuring this description.

In the following description, certain terminology 1s used to
describe features of the invention. For example, “software’ 1s
generally considered to be executable code such as an appli-
cation, an applet, a routine or even one or more executable
instructions stored 1n a storage medium. Firmware 1s consid-
cred merely one type of software. The “storage medium”™ may
include, but 1s not limited or restricted to a programmable
clectronic circuit, a semiconductor memory device inclusive
of volatile memory (e.g., random access memory, etc.) and
non-volatile memory (e.g., programmable and non-program-
mable read-only memory, flash memory, etc.), a hard drive, a
portable memory device (e.g., floppy diskette, a compact disk
“CD”, digatal versatile disc “DVD?”, a digital tape, a Universal
Serial Bus “USB” flash drive), or any medium that 1s deemed
statutory by a court of law.

A “recerving device” 1s an electronic device that 1s config-
ured to receive wireless messages. For instance, the recetving,
device may be adapted to request membership to a multicast
group within a network. An example of a receving device
include a “station” (STA), which 1s any wireless device such
as a wireless device that contains an IEEE 802.11 conformant
medium access control (MAC) and physical layer (PHY)
interface to a wireless 1nterconnect medium. Another
example of a recerving device 1s an access point or base
station (AP) when deployed within a wireless mesh network.

A “transmitting device” 1s a device that 1s configured to
transmit a wireless message. For instance, as an example, the
transmitting device may be adapted to participate in the grant-
ing or demal of membership to a multicast group 1n response
to a request by a recerving device. An example of a transmit-
ting device includes, but 1s not limited or restricted to an AP,
which 1s generally considered to be any entity that has station
functionality and provides access to distributed services via
the wireless medium for associated STAs. Another example
of a transmitting device 1s a wireless network switch that
controls multicast grouping in a centralized location.

A “message” 1s information arranged 1n a predetermined
format that 1s transmitted over a point-to-point or shared
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media, namely a wired or wireless pathway for information.
One type of message 1s a “multicast message™ that includes
information either involved 1n the formulation of a transmis-
s1on path for multicast data to one or more recerving devices
belonging to a particular group or involved 1n multicast trans-
missions. The multicast message may be a separate message
or may be part of other message such as a beacon, probe
request/response, association request/response, or the like.

I. First Embodiment of the Power Conservation
Mechanism

Referring to FIG. 1, an exemplary embodiment of a wire-
less network 100 supports a power conservation mechanism
1s shown. In accordance with one embodiment of the mven-
tion, wireless network 100 may be implemented as a wireless
local area network (WLAN) including a wired network 110
operating as an Open Source Interconnect (OSI) Layer
2/Layer 3 (L2/L3) network. Wired network 110 supports
communications between a plurality of transmitting devices
120,-120,, (N=2), such as access point (AP) 120, and AP
120, for example, and wired resources 130 communicatively
coupled to a wired interconnect medium 115. Examples of
resources 130 may 1nclude, but are not limited or restricted to
servers or a wireless network switch since the power-saving
techniques described below can be centralized 1n licu of being,
implemented on independent APs.

Of course, it 1s contemplated that a mesh or another wire-
less network may be substituted for wired network 1135 of
FIG. 1. Hence, transmitting devices 120,-120,, may be in
communication with each other over wireless connections.
Moreover, certain transmitting devices (e.g., AP 120,) may be
able to operate as a receiving device and participate as part of
a multicast group.

As shown, transmitting device 120, 1s adapted to provide
wireless communications with one or more receiving devices
150. According to one embodiment of the invention, an AP 1s
deployed as transmitting device 120, while receiving device
150 1s a wireless station (STA) powered by a rechargeable
power source (e.g., portable computer, personal digital assis-
tant “PDA”, Voice-over-1P “VolIP” telephone, etc.). While the
illustrative embodiments describe the communications
between an AP and STA, 1t 1s contemplated that the claimed
invention generally involves communications between two or
more devices with wireless communication capabilities.

Referring to FIG. 2, an exemplary embodiment of AP 120,
1s shown. According to one embodiment of the invention, AP
120, comprises a processor 200, memory 210 and a wireless
transceiver 220. More specifically, wireless transceiver 220
operates as the interface for AP 120, and is controlled to
receive or transmit messages as well as format assembly
and/or disassembly of the messages as needed.

Processor 200 1s a component that 1s responsible for gen-
crating outgoing multicast and unicast messages and for
recovering 1nformation Irom 1ncoming messages. For
instance, processor 200 may be adapted to execute a non-
unicast (e.g., multicast) conversion module 230 1n order to
convert an outgoing multicast message 1nto one or more uni-
cast messages. Module 230 may be solftware stored 1n
memory 210 or may be stored as firmware or hard wired 1nto
AP 120,. Examples of various types of components torming
processor 200 include, but are not limited or restricted to a
microprocessor, application specific integrated circuit, pro-
grammable gate array, a digital signal processor, a micro-
controller and the like.

For a system as shown in FIGS. 1 and 2, according to one
embodiment of the mvention, power conservation may be
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achieved by placing a transmitting device, such as AP 120, for
example, mto a particular power-saving mode (hereinafter
referred to as the “battery-boost” mode™). When placed in
battery-boost mode, AP 120, 1s adapted to (1) execute non-
unicast (e.g., multicast) conversion module 230 so as to con-
vert outgoing multicast traffic to unicast traific, and (11) alter
the Dynamic Trailic Indicator Map (DTIM) Interval value so
as to cause a recerving device, such as STA 150 for example,
to wake-up less often than when 1n normal operating mode.
According to one embodiment of the invention, the adjust-
ment ol the DTIM Interval value above the Listening Interval,
namely a multiple of the beacon interval that controls wake-
up of the receiving device for unicast traffic, provides an
clfective power-saving mechanism.

A. Multicast-To-Unicast Conversion

In order to convert multicast tratfic to unicast tratfic, AP
120, (or external storage accessible by AP 120, ) maintains an
association table 300,-300,,(M=1) for each of the “M” mul-
ticast group(s). As shown 1n FIG. 3A, association table 300,
includes a plurality of entries 310,-310_, where x=1. Each of
these entries includes at least two corresponding fields 320
and 330. A first field 320 includes an association 1dentifier
(heremaftter referred to as the “AlID”), which 1s a unique
number that identifies an association between AP 120, and a

particular recewving device (e.g., STA 150). A second field
330 includes a Media Access Control (MAC) address of STA

150 (hereinatter referred to as the “MAC address™)

Alternatively, as shown 1n FIG. 3B, 1t 1s contemplated that
AP 120, (or external storage accessible by AP 120,) may
feature a single association table 350 that identifies all of the
devices that AP 120, 1s associated with. As shown 1n FIG. 3B,
association table 350 includes a plurality of entries 360, -
360, , where y=1. Each of these entries 360,-360  includes an
AID 370 and MAC address 380 for the particular recerving
device (e.g., STA 150) associated with AP 120,. Moreover,
each entry 360, . . ., or 360, turther includes a multicast
group 1dentifier 390 to identity whether STA 150 belongs to a
multicast group, and 11 so, which multicast group.

According to one embodiment of the mnvention, the multi-
cast-to-unicast conversion may be accomplished by simply
generating a copy of the multicast message for each multicast
group member, namely “3” copies for a first multicast group
as 1llustrated 1n association table 300, of FIG. 3A or associa-
tion table 350 of FIG. 3B. Then, for each copied message, the
multicast address within the header 1s substituted with the
corresponding MAC address contained in the entry for the
multicast group member(s). Thus, as shown, three (3) unicast
messages are generated from the multicast message. These
unicast messages may also experience transmission rate
adjustments, 11 such information 1s available to logic within
the transmitting device.

B. Altering the DTIM Internal Value

As described above, “DTIM” 1s a countdown mechanism
that informs clients, such as STA 150 of FIG. 1 for example,
when to listen to broadcast or multicast messages. Similar to
the DTIM Interval value, the “Listening Interval” 1s a mecha-
nism that determines when the recetving device 1s to wake-up
and listen for unicast messages. So, according to one embodi-
ment of the invention, when AP 120, 1s placed 1n the battery-
boost mode, the DTIM Interval value i1s substantially
increased, and according to this embodiment, 1s increased
above the Listening Interval.

For example, during normal operating mode, the AP 120,
has the D'TIM Interval value set to a first predetermined value.
During battery-boost mode, however, the AP 120, has the
DTIM Interval value set to a second predetermined value that
1s larger than the first predetermined value. As an example,
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setting the DTIM Interval value to *“5” represents that STA
150 1s requesting a DTIM interval extending five broadcast
beacon cycles (e.g., some multiple longer than the default
time period between broadcast DTIM messages 1n normal
operating mode). Where the Listening Interval 1s set to “10”
denoting 10 beacon cycles before AP 120, checks for unicast
messages, by setting the DTIM Interval value to “100, ” STA
150 15 provided with a more aggressive power-save feature
where the STA 150 will generally wake-up for receipt of
unicast messages every 10 beacon cycles, but will only
awaken from sleep mode for multicast messages after 100
beacon cycles.

Referring now to FIG. 4, an exemplary flowchart of the
operations performed by a transmitting device 1s shown. Prior
to transmission of a multicast message and after adjustment
of the DTIM during configuration, the transmitting device
determines whether it 1s operating in the battery-boost mode
(blocks 400 and 410). If the battery-boost mode 1s enabled,
the transmitting device 1s adapted to convert an outgoing,
multicast message 1mnto one or more unicast messages, namely
unicast message(s) for each wireless device being a member
of the multicast group corresponding to the multicast mes-
sage (block 420). Otherwise, 1f battery-boost mode 1s dis-
abled, the transmitting device simply transmits the multicast
message as normal (block 430).

II. Second Embodiment of the Power Conservation
Mechanism

Referring now to FIG. 5, a second embodiment of the
power conservation mechanism 1s shown. Herein, multicast-
to-unicast replication can be filtered based on IP Multicast
subscription database that 1s created in AP 120, by an Internet
Group Management Protocol (IGMP) snooping function.
More specifically, AP 120, (or external storage accessible by
AP 120,) maintains both (1) an association table 500 that
identifies all of the devices that are associated with AP 120,
and (11) an IP Multicast subscription database 510.

As shown, IP Multicast subscription database 510 1s
formed by monitoring IGMP JOIN messages by STAs, and
storing both a Multicast Group identifier 520 and a MAC
address 530 of each STA 1ssuing an IGMP JOIN message.
Thereatter, 1f operating 1n the Battery-Boost mode and before
transmitting a multicast message, AP 120, determines 1f each
MAC address for the particular multicast group (1dentified by
the Multicast Group 1dentifier) 1s found in association table
500 (e.g., MAC address 380). It so, AP 120, converts the
multicast message to one or more unicast messages as
described above and transmits the unicast message(s) only to
the MAC addresses corresponding to devices still associated
with AP 120,, namely 1n the association table. Otherwise, AP
120, transmits the multicast message as normal.

I11. Third Embodiment of the Power Conservation
Mechanism

Referring now to FIG. 6, a third embodiment of the power
conservation mechanism 1s shown. Herein, 1n order to convert
non-unicast (multicast and/or broadcast) traffic to unicast
traffic, AP 120, (or external storage accessible by AP 120,)
maintains an association table 600 that identifies all of the
devices that AP 120, 1s associated with. As shown 1n FIG. 6,
association table 600 includes a plurality of entries 610, -
610_, where z=1. Each of these entries includes at least three
corresponding ficlds 620, 630 and 640. A first field 620
includes an association 1dentifier (AID) while a second field
630 1includes a Media Access Control (MAC) address of the
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particular receiving device associated with the AP 120,. An
optional third field 640 includes a code to identily the device
type of the recerving device. The recerving device may pro-
vide the “device type” mformation during or after the asso-
clation process.

For mstance, according to one embodiment of the inven-
tion, AP 120, may advertise battery-boost capability 1n a
Beacon or Probe Response frame. Such capability may be
captured within a vendor specific extension element 700 (ele-
ment 1D 221) of the Beacon or Probe Response messages as
shown 1n FI1G. 7. Three octets within this information element
represent the Organizationally Unique Identifier (OUI) 710.
IEEE assigns a unique OUI for each vendor. The next octet 1s
the OUI type 1dentifier 720, which identifies that this basic
service set, namely AP 120, supports battery-boost. The OUI
subtype and version fields 730 and 740 are used so that future
implementation of the protocol can be extended. The adver-
tisement capability 1s used by clients (receiving devices) to
disable DTIM processing and to set appropriate value for the
Listen Interval. Recerving devices can also advertise battery-
boost support by sending the same element ID 1n an Associa-
tion Request frame.

According to one embodiment of the mvention, the non-
unicast-to-unicast conversion may be accomplished by gen-
erating a copy of the non-unicast message for each entry
associated with a device type that 1s assigned to utilize bat-
tery-boost power savings. As an 1llustration, VoIP phones
may be selected as one type of device that utilizes battery-
boost functionality. Hence, non-umicast messages directed to
a VoIP phone 1s converted to a unicast message for routing to
the VoIP phone as a unicast message.

Referring now to FIG. 8, an exemplary flowchart of the
operations performed by a transmitting device utilizing the
association table of FIG. 6 1s shown. Prior to transmission of
a non-unicast message, the transmitting device receives a
message including device type identification information
from the receving device (block 800). Thereatter, transmuit-
ting device transmits a message that identifies that 1t 1s oper-
ating 1n the battery-boost mode (block 810). The receipt of
this message causes the receiving device to alter 1its DTIM
Interval value 1n order to substantially increase the time
period between wake-up operations by the receiving device in
order to check for multicast transmissions (block 820). If the
battery-boost mode 1s enabled, the transmitting device con-
verts an outgoing non-unicast message 1to one or more uni-
cast messages, namely unicast message(s) for each wireless
device denoted 1n the association table as being a particular
device type with power-savings (blocks 830, 840 and 850).
Otherwise, 11 battery-boost mode 1s disabled, the transmitting
device simply transmits the non-unicast message as normal
(block 860).

While the invention has been described in terms of several
embodiments, the invention should not limited to only those
embodiments described, but can be practiced with modifica-
tion and alteration within the spirit and scope of the appended
claims. The description is thus to be regarded as 1illustrative
instead of limiting.

What 1s claimed 1s:
1. A method comprising:

determining by a wireless device whether a non-unicast
message 15 to be transmitted by the wireless device by
checking a Delivery Traflic Indicator Map (DTIM)
Interval and a Listening Interval, the DTIM Interval
representing a time period between successive checks by
a wireless receiving device for non-unicast messages
and the Listening interval representing a time period
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between successive checks by the wireless receiving
device for unicast messages; and

converting the non-unicast message 1nto one or more uni-
cast messages for transmission upon determining that
the DTIM Interval 1s greater than the Listeming Interval
while the wireless device maintains an ability to check
for and recerve non-unicast messages in accordance with

the DTIM Interval,

wherein the DTIM Interval 1s set to be greater than the
Listening Interval so that the wireless receiving device 1s
checking for unicast messages more Irequently than
non-unicast messages.

2. The method of claim 1, wherein the non-unicast message
1s a multicast message.

3. The method of claim 1 further comprises setting the
DTIM Interval to be greater than the Listening Interval by
setting a DTIM Interval value to be greater than a value
representing the Listening Interval.

4. The method of claim 1, wherein the converting of the
unicast message includes conversion of all non-unicast mes-
sages to be transmitted by the transmitting device after com-
paring the DTIM Interval value and the value representing the
Listening Interval.

5. The method of claim 1, wherein the Listening interval
being a multiple of a beacon interval that controls wake-up of
the recerving device for unicast traific.

6. The method of claim 1, wherein prior to the wireless
device determining whether the non-unicast message 1s to be
transmitted, the method further comprises advertising a bat-
tery-boost mode capability by placement of information
within an mnformation element of a transmitted message, the
battery-boost mode indicates that the wireless device 1s
adapted to convert non-unicast traific into unicast tratfic for
transmission and increase the DTIM interval.

7. The method of claim 6, wherein the data includes an
Organizationally Unique Identifier (OUI) including one or
more bits to 1identily that the transmitting device supports the
battery-boost mode.

8. The method of claim 2, wherein determining whether the
multicast message 1s to be transmitted includes determining 11
medium access control (MAC) addresses for a particular mul-
ticast group identified by a Multicast Group identifier are
found 1n an association table stored 1n the wireless device and
the DTIM Interval 1s less than the Listening Interval.

9. The method of claim 8, wherein the converting of the
multicast message mto one or more unicast messages
includes converting the multicast message into unicast frames
cach uniquely addressed with a MAC address contained 1n the
association table directed to a device that 1s also a member of
the particular multicast group.

10. The method of claim 1 turther comprising transmitting
the non-unicast message from the wireless device upon deter-
mimng that the DTIM Interval 1s not greater than the Listen-
ing Interval.

11. A non-transitory computer readable storage medium
embodying software that 1s executed by hardware logic
implemented within a transmitting device that 1s adapted to
transmit messages to a receiving device, comprising:

a first software module that, when executed by the hard-
ware logic within the transmitting device, determines
whether a non-unicast message 1s to be transmitted from
the transmitting device by checking a Delivery Traific
Indicator Map (DTIM) Interval and a Listening Interval,
the DTIM Interval representing a time period between
successive checks by the recerving device for non-uni-
cast messages-and the Listening interval representing a
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time period between successive checks by the receiving
device for unicast messages; and

a second software module that, when executed by the hard-

ware logic within the transmitting device, converts the
non-unicast message mnto one or more unicast messages
for transmission so as to (1) achieve reduced power con-
sumption by increasing an amount of time between
wake-up events for receipt ol non-unicast messages
when the DTIM Interval 1s greater than the Listening
Interval and (11) maintain an ability to check for and
receive non-unicast messages in accordance with the
DTIM Interval.

12. The computer readable storage medium of claim 11,
wherein the second software module to convert all non-uni-
cast messages to unicast messages to be transmitted by the
transmitting device provided a DTIM Interval value repre-
senting the D'TIM Interval 1s greater than a value representing
the Listening Interval.

13. The computer readable storage medium of claim 12
turther comprising a third software module to set a DTIM
Interval value representing the D'TIM Interval to be greater in
value than a value representing the Listening interval being,
multiple beacon cycles.

14. The computer readable storage medium of claim 11,
wherein the non-unicast message 1s a multicast message.

15. The computer readable storage medium of claim 11
further comprising a third software module to analyze data
within a predetermined mformation element to determine 11
the transmitting device supports a battery-boost mode, the
battery-boost mode indicates that the wireless device 1s
adapted to (1) convert non-unicast traific imto unicast traific
for transmission and (11) increase the DTIM 1interval.

16. The computer readable storage medium of claim 14,
wherein the first software module to determine 1f medium
access control (MAC) addresses for a particular multicast
group 1dentified by a Multicast Group 1dentifier are found 1n
an association table stored in the transmitting device.

17. The computer readable storage medium of claim 16,
wherein the second software module to convert the multicast
message 1nto unicast frames each uniquely addressed with a
medium access control (MAC) address contained 1n the asso-
ciation table directed to a device that 1s also a member of the
particular multicast group.

18. A wireless device of a network, comprising:
a memory; and

a processor coupled to the memory, the processor to deter-
mine whether a non-unicast message 1s to be transmitted
and to convert the non-unicast message into one or more
unicast messages for transmission upon determining
that a Delivery Tratfic Indicator Map (DTIM) Interval,
representing a time period between successive checks by
a wireless recerving device of the network for non-uni-
cast data, represents a longer periodicity than a Listening
Interval, the Listening Interval being a representation of
a time period between successive checks by the wireless
receiving device for unicast data,

wherein the DTIM Interval 1s set to be greater than the
Listening Interval so that the wireless receiving device 1s
checking for unicast messages more frequently than
non-unicast messages while maintaining an ability to

check for and recerve non-unicast messages 1 accor-
dance with the DTIM Interval.

19. The wireless device of claim 18, wherein the processor
determining that the DTIM Interval represents a longer peri-
odicity than the Listening Interval by determining that a
DTIM Interval value 1s greater than a value representing the
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Listening Interval, the DTIM Interval value identifies a num- if the DTIM Interval 1s greater than the Listening Inter-
ber of beacon cycles for the DTIM Interval. val while the wireless device maintains an ability to
20. The wireless device of claim 18 being an access point. check for and receive non-unicast messages in accor-
21. A method comprising: dance with the DTIM Interval; and
receiving a non-unicast message by a wireless device; 5

transmitting the non-unicast message by the wireless
device 1f the DTIM Interval is not greater than the Lis-
tening Interval,

checking a Delivery Tratlic Indicator Map (D'TIM) Interval
and a Listening Interval by the wireless device, the

DTIM Interval representing a time period between suc-
cessive checks by a wireless receiving device for non-

unicast messages and the Listening Interval representing 10 | | | o
a time period between successive checks by the wireless 22. The method of claim 21 wherein the wireless device 1s

wherein the DTIM Interval 1s set to be greater than the
Listening Interval.

recetving device for unicast messages; an access point.
converting the non-unicast message 1nto one or more uni-
cast messages for transmission from the wireless device ok % % %
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